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INTRODUCTION
Based on substantial evidence that climate change and natural disturbance are important drivers of ecological change, an understanding of the natural variability of ecosystems is increasingly considered in natural area management (Romme 1982 In the northeastern United States, "sand plains," distinctive ecosystems on deposits of glacial outwash primarily in coastal areas, are major centers of biodiversity and rarity and focal points for conservation activity. On the Massachusetts and New York coast, private, state, and federal effort has sought acquisition, protection, and management of these unusual habitats and biotic assemblages. In addition to woodlands and shrublands dominated by pitch pine (Pinus rigida) and oak (Quercus spp.), these drought-prone sites support globally uncommon grasslands and heathlands (Chris- (Fig. IA) Vegetation was sampled using methodology comparable to that recommended by the National Vegetation Classification System (Grossman et al. 1998 ). In each plot percent cover of each vascular plant species and total lichen and bryophyte cover was estimated using eight cover-abundance classes (1 = <1%, 2 = 1-3%, 3 = 3-5%, 4 = 5-15%, 5 = 15-25%, 6 = 25-50%, 7 = 50-75%, 8 = >75%). Diameter at breast height (dbh) was recorded for all living (>2.5 cm dbh) and dead (>10 cm dbh) tree stems, and sprouting patterns (e.g., multiple stems) were noted.
Shallow soil pits were dug into the B horizon (mean pit depth = 38 cm) at 1-2 randomly chosen locations in each plot. The depth and boundary characteristics of each horizon were described using standard methods ( Field evidence assisted in reconstructing the disturbance history of each plot. The presence/absence of a plow (Ap) horizon, identified as a relatively deep (>10 cm; mean depth: 17 cm), brown A horizon with an abrupt, smooth to wavy lower boundary, was noted (Motzkin et al. 1996) . In contrast, unplowed soils typically had well-developed E horizons (mean depth: 17 cm) immediately below shallow A horizons (mean depth: 2 cm). Minimum stand age was estimated by coring 1-3 of the largest trees as close to the bases as possible. Cores were mounted and sanded, and annual rings were counted under 10-30X magnification. Soil profiles and wood were examined for macroscopic charcoal or fire scars.
Field evidence was combined with information from the 1848-1856 maps to assign plots to categories of past land use. Plots with Ap horizons were considered formerly "plowed," which indicated that the soils were extensively mixed and the original vegetation was eradicated for crops or pasture. Plots lacking Ap horizons and mapped as wooded on the 1848-1856 maps were considered "woodlots," continually wooded areas where trees were cut but the vegetation was never com- erties differed among land uses. The sequential Bonferroni method was used to adjust the experimentwise error rate for these tests to cx = 0.05 (Rice 1989 Fig. 3B ). Only 44% of current woodlands in CACO were wooded between 1848 and 1856 (Table 1C) (Table 3) . Some woodland fires generated extensive mortality and the establishment of the current canopy (Table 3) 
Vegetation and land-use history
Vegetation pattern, composition, and structure are strongly related to past land use at the landscape and stand level. The pine-bearberry, pine-hairgrass, and pine-oak-sedge types have open understories of Arctostaphylos uva-ursi, graminoids, and herbs, and occur preferentially in areas previously in agriculture (Table  5 ; Fig. 6A, B) . In contrast the pine-oak-huckleberry, pine-scrub oak-crowberry, and pine-scrub oak-bayberry types have dense shrub understories, lack abundant herbs and grasses, and occur more frequently in former woodlots (Table 5 ; Fig. 6A, B) . The differences in composition and structure are striking (Fig. 7) .
Although vegetation patterns do not closely track differences in soil texture, several site variables do differ among the types (Table 5) . Sites supporting pinescrub oak-bayberry and pine-oak-sedge vegetation have similar soil concentrations of total N, P, K, TEC, percentage organic matter, and total C (Table 5) . These sites in turn have higher concentrations of total N, TEC, and percentage organic matter than sites supporting pine-hairgrass, pine-scrub oak-crowberry, pine-oakhuckleberry vegetation (Table 5 ). Soil pH is relatively high in sites with pine-bearberry, pine-hairgrass, and pine-oak-sedge types (Table 5) .
Field evidence of fire was found infrequently in the pine-hairgrass and pine-bearberry types relative to the pine-oak-huckleberry and pine-scrub oak-bayberry (Table 5; Fig. 6C ). The pine-oak-sedge and pine-scrub oak-crowberry types show intermediate frequencies of charcoal or scarring (Table 5; Fig. 6C ).
Individual species distributions and land-use history
Ten of the 20 common but not ubiquitous species occur disproportionately in relation to land-use history. Deschampsiaflexuosa, Schizachyrium scoparium, Chimaphila maculata, Trientalis borealis, Prunus serotina, and Arctostaphylos uva-ursi are significantly more frequent in woodlands that were plowed historically, whereas the ericaceous shrubs Gaultheria procumbens, Notes: Date, location, size, and other information are taken from written descriptions or 1938 aerial photos. When possible, location was summarized by determining (1) whether fires occurred within the present-day boundaries of Cape Cod National Seashore (CACO) and (2) the outwash plain (see Fig. 1 ) where each fire burned.
Vaccinium pallidum, Epigaea repens, and Gaylussacia baccata occur more frequently in former woodlots (Fig.  8) . Notes: For each species, % = frequency of occurrence, and X = mean percent cover when present; n = number of plots. Data for species present in fewer than four plots are not shown. Canopy age varies significantly among vegetation types (Kruskal-Wallis H = 15.6, P = 0.008). Mean canopy age (yr): pine-bearberry = 41.5b; pine-hairgrass = 78.5a; pine-oaksedge = 71.0a; pine-scrub oak-crowberry = 76.3a; pine-oak-huckleberry = 83.4a; pine-scrub oak-bayberry = 77.6ab. Superscript letters show results of post hoc tests; different letters indicate significant (P < 0.05) differences.
European settlement, when fire appears to have been a dominant disturbance process. In particular, agriculture eradicated low shrub species that, despite having exceptional fire tolerance, have proven to be poor colonizers of abandoned fields. Agricultural abandonment also provided opportunities for the development of extensive heathland and grassland communities, which have declined through the 20th century as a result of widespread reestablishment of trees. Rather than focus exclusively on prescribed fire, effective protection and In areas used previously for agriculture, evidence of plowing suggests that preexisting vegetation was com- This study cannot definitively resolve debates about the disturbance processes responsible for shaping presettlement vegetation patterns. However the exceptional fire tolerance of dominant woodland species potentially explains why presettlement fires do not appear to have generated extensive heathlands and grasslands. It is possible, however, that species that occur in modern heathland and grassland habitats may have occurred in the understory of some regenerating woodlands following severe presettlement fires. Therefore, although the reintroduction of severe fire to woodlands would not likely restore expansive heathlands and grasslands, it could help to perpetuate some characteristic plant species within a largely wooded landscape.
Rather than being caused principally by fire suppression, the recent decline of heathland and grassland appears to result from reforestation that began with agricultural abandonment. Since past agricultural activity created the open, sandy environments that led to the development of heathlands and grasslands, the restoration of these highly uncommon communities will likely require a management regime that mimics past agriculture. Possible treatments include complete removal of woody vegetation (both above and belowground) and mineral soil exposure using a combination of mechanical disturbance, grazing, and fire (e.g., Dunwiddie 1997, Tiffney 1997): The presence of remnant populations, and the potential persistence of viable seed banks, further suggest that heathland and grassland restoration would likely be more successful in old fields than in former woodlots. Such a management approach would parallel examples from Europe, where successional habitats that have declined with recent changes in land use are maintained using techniques that resemble traditional agricultural practices (Kirby and Watkins 1998). trates that understanding these distinct land use impacts should be a central component of conservation initiatives. The effects of past land use must be given particular attention in efforts to protect and restore successional communities like heathlands and grasslands. If past land use has played a central role in the development of desired vegetation patterns, then land-use practices rather than natural disturbances might represent the best guide for active management intended to perpetuate these communities through time.
